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(57) ABSTRACT 

A method and apparatus for water electrolysis is described, 
using an electrolytic cell comprising an anode compartment, 
a cathode compartment, and a diaphragm separating the 
anode and cathode compartments, comprising the steps of 
electrolyzing water to evolve oxygen or an ozone-containing 
oxygen gas in the anode compartment and hydrogen in the 
cathode compartment, thereby resulting in a net transfer of 
electrolyte from the anode compartment to the cathode 
compartment through the diaphragm, and recycling electro 
lyte from the cathode compartment to the anode compart 
net. 

1. Claim, 2 Drawing Sheets 
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METHOD FOR ELECTROLYZING WATER 

This is a continuation of application Ser. No. 07/413,495 
filed Sep. 27, 1989. 

BACKGROUND OF THE INVENTION 

The present invention relates to a method and apparatus 
for obtaining hydrogen, oxygen and ozone by efficient 
electrolysis of water. 

Electrolysis of water is a technique that has been com 
monly practiced to produce hydrogen and oxygen (or 
ozone). In a typical system, hydrogen gas is produced in an 
electrolytic cell equipped with a diaphragm and containing 
an aqueous potassium hydroxide solution as an electrolyte. 
The product hydrogen gas is utilized, for example, as a 
hydrogen source in ammonia synthesis. A subject of interest 
that has drawn researchers' attention regarding the electroly 
sis of water involves methods of increasing the electric 
power utilization efficiency. An electrolysis process that has 
recently gained popularity employs a SPE (solid polymer 
electrolyte) cell wherein a fluorine resin based ion-exchange 
membrane used as a diaphragm is sandwiched between an 
anode and a cathode to form a solid electrolyte, as described 
in U.S. Pat. No. 4,416,747 and J. Elec. Chem. Soc., 132, p. 
367 ff (1985). Electrolysis is performed with water supplied 
from the anode side that is transferred through the ion 
exchange membrane toward the cathode side. Having vari 
ous advantages including a minimum energy requirement 
for gas evolution, the SPE method is considered to be the 
most desirable of all techniques available for the electrolysis 
of water. However, in this method, the amount of water 
supplied at the anode which transfers toward the cathode is 
at least 4 to 5 times as much as the volume of water 
necessary for gas evolution at the cathode. Part of the 
transferred water must be taken out of the system, with a 
subsequent increase in the amount of water added and an 
increase in the operational complexity of system operation. 
If the transferred water accumulated in the cathode com 
partment is not removed from the system, the resulting 
pressure imbalance causes difficulty in recovering the gas 
evolved at the cathode. This problem has also been recog 
nized in other methods of water electrolysis that employ 
conventional electrodes. The manner in which to deal with 
the excess catholyte has always been of great concern to 
those skilled in the art. 

SUMMARY OF THE INVENTION 

An object, therefore, of the present invention is to provide 
a method of water electrolysis that enables continuous 
operation by obviating the need for catholyte removal, a 
long encountered problem in the prior art methods of water 
electrolysis. 

Another object of the present invention is to provide an 
apparatus suitable for use in implementing the above 
described method. 
The first objective of the present invention is attained by 

a method of water electrolysis using an electrolytic cell 
comprising an anode compartment, a cathode compartment, 
a diaphragm separating the anode and cathode compart 
ments and means for recycling electrolyte from the cathode 
compartment to the anode compartment, comprising the 
steps of electrolyzing water to evolve oxygen or an ozone 
containing oxygen gas in the anode compartment and hydro 
gen in the cathode compartment thereby resulting in a net 
transfer of electrolyte from the anode compartment to the 
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2 
cathode compartment through the diaphragm, and recycling 
the accumulated electrolyte from the cathode compartment 
to the anode compartment. 
The second object of the present invention is attained by 

an electrolytic cell for water electrolysis comprising an 
anode compartment, a cathode compartment, a diaphragm 
separating the anode and cathode compartments, and means 
for recycling electrolyte from the cathode compartment to 
the anode compartment. Alternatively, the accumulated 
catholyte may be recycled to the anode compartment by 
means of a pump. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic cross section of an apparatus 
according to a first embodiment of the present invention. 

FIG. 2 is a schematic cross section of an apparatus 
according to a second embodiment of the present invention. 

FIG. 3 is a schematic cross section of an apparatus 
according to a third embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The method and apparatus of the present invention 
employs an electrolytic cell comprising an anode compart 
ment and a cathode compartment separated by a diaphragm, 
in particular, an ion-exchange membrane. As used herein, an 
anode compartment and a cathode compartment are consid 
ered to include an anode substance, electrode or electrode 
active material and a cathode substance, electrode or elec 
trode active material. The electrolytic cell is preferably of a 
vertical type in which the diaphragm is positioned vertically, 
Ordinary electrodes having a porous plate form may be used, 
but in order to improve power efficiency, the use of a SPE 
(solid polymer electrolyte) as the ion-exchange membrane 
having an electrode active material provided on opposite 
sides of the diaphragm is preferred. Current collectors are 
attached to each of the electrodes or electrode substances, to 
allow for electric correction of the electrodes or electrode 
substances to a power supply. 
When electrolysis of water, and preferably pure water is 

performed in the above-described electrolytic cell, the water 
being supplied to the anode compartment, oxygen (or an 
ozone-containing oxygen gas, if conditions permit) is 
evolved in the anode compartment, whereas hydrogen is 
evolved in the cathode compartment. During the electroly 
sis, the water supplied to the anode compartment permeates 
through the diaphragm to enter the cathode compartment. 
The amount of water transfer to the cathode compartment is 
greater than the volume of water normally consumed by 
electrolysis in the cathode compartment, thereby resulting in 
a gradual increase in the amount of catholyte. 

According to the present invention, part of the catholyte 
having an increased water content is recycled to the anode 
compartment either through a conduit or by means of a 
pump. In a first embodiment, a hole is bored through the 
bottom plate of each of the anode and cathode compartments 
and the two holes are connected by a conduit to establish a 
free passage of the electrolyte, thereby allowing the accu 
mulated catholyte to return to the anode compartment 
through the conduit. The holes may be formed in the side 
walls of the electrolytic cell but should be located where the 
side walls are always in contact with the electrolyte. If the 
gas evolved at one electrode flows through the conduit to 
reach the other electrode, the resulting gas mixture creates 
an explosion hazard. Therefore, even when the holes are 
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bored through the bottom plate of the electrolytic cell, holes 
are preferably positioned as remotely as possible from the 
electrodes where gas evolution occurs. 
When the anode and cathode compartments are connected 

by the conduit, the potential energy difference (i.e., relative 
height of the electrolyte in each of the cell compartments) 
between the electrolyte in the anode compartment and that 
in the cathode compartment provides a driving force for the 
spontaneous movement of the catholyte without requiring 
any other power source. It should, however, be noted that the 
recycling of the catholyte to the anode compartment may be 
accelerated by using means such as a pump. If means such 
as a pump is used, the catholyte need not be directly recycled 
to the anode compartment, but instead, may be returned to 
the water supply line of the anode compartment. 
The oxygen and/or ozone evolved in the anode compart 

ment and the hydrogen evolved in the cathode compartment 
may be recovered and used in the usual manner. If an 
ozone-containing oxygen gas evolves in the anode compart 
ment, the anolyte containing dissolved ozone-containing gas 
may be used, for example, for the disinfection of city water. 
It is, however, more desirable to separate the ozone-con 
taining oxygen gas from the anolyte and to use the ozone 
containing gas to treat city water or other fluids either 
directly or after being dissolved in water to prepare an 
aqueous solution of ozone at a desired concentration. 

According to the present invention, all of the water 
supplied to the electrolytic cell is effectively subjected to 
electrolysis, such that the volume of water consumed is 
reduced to about one fifth of the amount that has been 
conventionally used in prior art systems of water electroly 
SES. 

The present invention is described below in greater detail 
with reference to FIGS. 1-3 which depict three embodi 
ments of the apparatus for water electrolysis according to the 
present invention. 

FIG. 1 is a schematic cross-sectional view showing a first 
embodiment of the apparatus. A SPE type ion-exchange 
membrane 1 having an electrode active material formed on 
both sides thereof is positioned in an electrolytic cell 4 to 
divide the interior of the cell into two compartments, one 
being an anode compartment 2 and the other being a cathode 
compartment 3. Holes 5 and 5' have been bored through the 
bottom plate of the anode compartment 2 and the other being 
a cathode compartment 3, respectively, and the two holes are 
connected by a small-diameter conduit 6. A pair of pipes 7 
and 7" extend upwardly from the cover plate of the cell 4 on 
positions that correspond to the anode compartment 2 and 
the cathode compartment 3, respectively. Water for elec 
trolysis is supplied to the anode compartment through the 
pipe 7, to fill the electrolytic cell. Branch pipes 8 and 8" 
extend outwardly from the pipes 7 and 7" at their middle 
portion and are bent downwardly, with the end of each of 
pipes 8 and 8' being bent upwardly in U shape. The lower 
part of branch pipes 8 and 8' are submerged in an absorbing 
vessels 9 and 9' respectively, each being filled with water. 
When an electric potential is applied across the anode and 

cathode materials provided on opposing sides of the mem 
brane, an electric current is passed through the electrolytic 
cell to electrolyze the electrolyte in the anode and cathode 
compartments. Pure water is supplied to the anode compart 
ment 2 of the electrolyzer described above through the pipe 
7. The anolyte in the anode compartment is electrolyzed to 
evolve oxygen or an ozone-containing oxygen gas at the 
anode electrode active material and the evolved gas is 
directed through the pipe 7 and the branch pipe 8 to be 
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4 
admitted into the absorbing vessel 9, where an aqueous 
solution of ozone is formed. Due to the electric field applied 
across the electrolytic cell, there is a net transfer of anolyte 
from the anode compartment to the cathode compartment 3 
through the ion-exchange membrane 1. The catholyte is 
electrolyzed in the cathode compartment 3 to evolve hydro 
gen gas. The evolved hydrogen gas is directed through the 
pipe 7" and the branch pipe 8' and is then discharged from the 
system. 
As the anolyte flows into the cathode compartment, the 

volume of catholyte increases. However, the anode com 
partment 2 is connected to the cathode compartment 3 via 
the conduit 6. The accumulated catholyte flows back to the 
anode compartment 2 through the conduit such that the 
electrolyte level in each of the compartments is substantially 
the same. Since the liquid level in each of the two compart 
ments is always kept substantially the same, water is there 
fore electrolyzed efficiently without requiring the additional 
cumbersome step of removing excess catholyte and dispos 
ing thereof. 

FIG. 2 is a schematic cross-sectional view of a second 
embodiment of the apparatus of the present invention. Like 
components as shown in FIG. 1 are identified by like 
reference numbers. A degassing valve 10 is provided in-line 
with the pipe 7' extending from the cathode compartment 3. 
The hydrogen gas evolved in the cathode compartment is 
removed from the system when the degassing valve is open. 
FIG. 3 is a schematic cross-sectional view of a third 

embodiment of the apparatus of the present invention. Like 
components as shown in FIG. 1 are identified by like 
reference numbers. A recycling conduit 12 equipped with a 
circulating pump 11 is connected at one end to the hole 5' 
bored through the bottom plate of the cathode compartment 
3, and the other end of the conduit 12 is connected to the 
pipe 7 extending from the compartment. 
The following nonlimiting examples further illustrate the 

present invention. 

EXAMPLE 1. 

An ion-exchange membrane (Nafion() #117, produced by 
du Pont) having a layer of B-lead dioxide (anode side) and 
platinum (cathode side) formed on opposite sides thereof, 
each layer having an area of 20 cm, was installed in a 
300-ml electrolytic cell filled with ion-exchange treated 
water. A pressure regulating valve was mounted at the gas 
outlet of the cathode compartment. The anode and cathode 
compartments were connected via a conduit (internal diam 
eter 10 mm), each end of which was inserted into the bottom 
plate of the electrolytic cell. In this manner, a SPE type 
electrolytic cell of the present invention was completed. 
With the internal gas pressure of the anode and cathode 
compartments being kept substantially equal to each other 
by means of the pressure regulating valve, an electric current 
was passed through the pure water at a current density of 100 
A/dm', a cell voltage of 3.5 volts and an electrolyte tem 
perature of 30 to evolve an ozone-containing oxygen gas in 
the anode compartment. During the electrolysis, no addi 
tional pure water was supplied but the level of the electrolyte 
in the cathode compartment remained the same as that in the 
anode compartment, with the total decrease in the amount of 
water in the electrolytic cell being about 8 ml/hr. 

In comparison, water electrolysis was conducted with an 
electrolytic cell of the same construction and under the same 
conditions as described above except that a conduit was not 
provided connecting the anode and cathode compartments. 
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The result was as follows. The anolyte transferred to the 
cathode compartment at a flow rate of about 30 ml/hr, with 
the total decrease in the amount of anolyte being about 40 
ml/hr, 
The present invention provides a method and apparatus 

for electrolyzing water such that water transferred from the 
anode compartment of a diaphragm-equipped electrolytic 
cell to the cathode compartment through the diaphragm is 
returned to the anode compartment. Since the volume of 
catholyte does not increase as the electrolysis proceeds, 
there is no excess catholyte to remove such that the elec 
trolysis operation may be carried out continuously. Further 
more, water, and in particular pure water, Supplied as the 
starting material is efficiently utilized in electrolysis, and the 
volume of water consumption is reduced to about one fifth 
of the quantity consumed by conventional electrolysis appa 
ratus. In addition, the apparatus of the present invention is 
simplified in that equipment for removing excess catholyte 
from the system of water electrolysis is no longer needed. 
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Therefore, the size and cost of the electrolysis apparatus of 20 
the present invention is reduced as compared to a conven 
tional electrolysis apparatus. 

While the invention has been described in detail and with 
reference to specific examples thereof, it will be apparent to 
one skilled in the art that various changes and modifications 
can be made therein without departing from the spirit and 
scope thereof. 
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What is claimed is: 
1. A method of water electrolysis using an electrolytic cell 

comprising an anode compartment, a cathode compartment, 
a diaphragm separating the anode and cathode compart 
ments, means for recycling electrolyte from the cathode 
compartment to the anode compartment comprising a con 
duit connecting the anode and cathode compartments, and a 
water supply line for the anode compartment, comprising 
the steps of supplying through said water supply line an 
electrolyte of pure water to the anode compartment alone 
and not to the cathode compartment, which water permeates 
the diaphragm to enter the cathode compartment, electro 
lyzing the water electrolyte to evolve an ozone-containing 
oxygen gas in the anode compartment and hydrogen in the 
cathode compartment, thereby resulting in a net transfer of 
electrolyte from the anode compartment to the cathode 
compartment through the diaphragm, maintaining the inter 
nal gas pressures of the anode and cathode compartments 
substantially equal to each other, and recycling the water 
electrolyte from the cathode compartment to the anode 
compartment through the conduit such that the liquid level 
in the anode and cathode compartments is kept substantially 
the same. 


